Purpose: To compare the outcomes of cataract surgery alone versus combined cataract surgery with trabeculectomy in eyes with phacomorphic glaucoma.
C ataract is the leading cause of bilateral blindness globally constituting 41.8% of total blindness. 1 In India too, cataract remains the leading cause of blindness. [2] [3] [4] Of the estimated 12.5 million bilaterally blind people in India, 50% to 80% are due to cataract. [2] [3] [4] [5] Phacomorphic glaucoma is a major problem in developing countries with a prevalence of 3.9% of all cataract surgeries. 3, 6, 7 Delay in seeking care for cataract often leads to various forms of lens-induced glaucomas, more often the phacomorphic variety. [6] [7] [8] [9] The definitive treatment for phacomorphic glaucoma is cataract extraction as shown by several studies. [7] [8] [9] [10] However, controversy exists regarding the need for performing simultaneous glaucoma surgery in these eyes. The rationale being, an intumescent lens in phacomorphic glaucoma could cause synechial angle closure in longstanding cases leading to chronic elevation of intraocular pressure (IOP) even after cataract extraction. 6, 7 With this rationale, Angra et al 6 have recommended only cataract surgery, if the duration of presentation was <7 days and combined trabeculectomy with cataract surgery in eyes presenting later than 7 days of onset of symptoms; in the only available article in literature comparing the outcomes of cataract surgery and combined surgery in phacomorphic glaucoma. However, they compared the outcomes of intracapsular cataract extraction (ICCE) and ICCE with trabeceulectomy in eyes with phacomorphic glaucoma. Currently, the literature addressing the choice of surgery in eyes with phacomoprphic glaucoma presenting beyond 1 to 2 weeks of presentation is limited.
The purpose of the current study is to compare the outcomes of cataract surgery alone versus cataract surgery combined with trabeculectomy in eyes with phacomorphic glaucoma operated within 4 weeks of onset.
MATERIALS AND METHODS
We performed a retrospective case-note review of all patients diagnosed with phacomorphic glaucoma who presented to us with in 4 weeks of presentation and underwent either cataract surgery alone or combined trabeculectomy and cataract extraction at our Institute over a 20-year period, between 1993 and 2012. Our Institutional review board approved the study. Our study cohort included subjects with a minimum follow-up of 6 months after surgery.
Phacomorphic glaucoma was diagnosed based on the following criteria: an IOP > 21 mm Hg [(or IOPr21 mm Hg on antiglaucoma medications (AGM)] in the presence of an intumescent (swollen and white) cataract along with shallow anterior chamber (AC) (both centrally and peripherally) on slit-lamp examination, with or without corneal edema, mid-dilated pupil, and conjunctival injection. Details of clinical history including the age at presentation; sex; duration of pain, redness, watering; decrease in vision, number, type, and duration of use of AGM; and previous and current medical and surgical history were noted. An ultrasound B-scan was obtained for eyes with inaccurate projection of rays to rule out posterior segment pathology. The clinical details of the contralateral (fellow) eye that were noted included visual acuity (VA), refractive error, IOP, gonioscopy, and anterior and posterior segment details. Operative details included duration between onset of phacomorphic glaucoma and surgery, type of surgery, and intraoperative and postoperative complications if any. Postoperative details documented included VA and IOP at 1 week, 1 month, 3 months, 6 months of follow-up; time, number, and duration of postoperative AGMs; and optic disc details. Eyes that underwent only cataract surgery were included in group 1 and eyes that underwent combined trabeculectomy with cataract surgery were included in group 2.
Preoperatively, all eyes with phacomorphic glaucoma received topical corticosteroids and topical or systemic AGMs, as required.
The choice of cataract surgery only or a combined trabeculectomy with cataract surgery was based on clinicians' decision. Early surgery was performed in all patients, and deferred (medically managed) only in situations like nonpatency of lacrimal sac or when found to be medically unfit for surgery. In the former situation, subjects underwent dacryocystectomy first, followed by cataract/combined surgery 1 to 2 weeks later.
Procedure of cataract surgery included either extracapsular cataract extraction (ECCE) or small-incision cataract surgery (SICS) or phacoemulsification with posterior chamber intraocular lens implantation [Phaco + posterior chamber intraocular lens implantation (PCIOL)]. Majority of the cataract extractions in combined surgery were ECCEs. The trabeculectomy in all eyes was fornix based with 1 or 2 sutures to the scleral flap, none of the eyes had antifibrotic augmentation during or after trabeculectomy.
Postoperatively, treatment included topical antibiotics for 1 week and topical corticosteroids in tapering doses over 4 to 8 weeks. Topical cycloplegics were prescribed for 2 to 3 weeks or longer if needed. High postoperative IOP was treated either with topical or oral AGMs based on the IOP, the clinical status, and the duration of IOP rise. If there was an immediate postoperative high IOP (< 2 wk after surgery, due to ongoing severe inflammation), oral carbonic anhydrase inhibitors were preferred.
Primary outcome measure was IOPr21 mm Hg at 6 months postoperatively, without AGM or additional glaucoma-filtering surgeries with no sight threatening complications. Secondary outcome measures were VA recovery and complications in both the groups. Hypotony was defined as IOP < 6 mm Hg.
Statistical Analysis
All the continuous data were presented as median (50th percentile) and interquartile range (IQR, 25 th and 75 th percentile). The parametric data were compared using Student "t" test and nonparametric data were compared using Wilcoxon Sign-Rank test. P < 0.05 was considered significant. Statistical analyses were performed using commercial software (Stata version 11.2; StataCorp, College Station, TX).
RESULTS
A total of 1556 patients were diagnosed with lensinduced glaucoma over the last 20 years at our institute, among these, 922 patients underwent surgery. We had 159 eyes with a minimum postoperative follow-up of 6 months' duration. Among these, 33 eyes presented beyond 4 weeks of onset of attack and were excluded, leaving 126 eyes for analysis with 63 eyes in each group. The duration of presentation of <4 weeks was chosen as a cut off as it is in these eyes that we often face a dilemma in choosing cataract surgery or combined surgery. Beyond 4 weeks of presentation we perform combined surgery. On the basis of our inclusion criteria, 63 eyes that underwent cataract surgery alone (group 1) and 63 eyes that underwent combined cataract surgery with trabeculectomy (group 2) were included in the study.
The preoperative demographic and clinical characteristics of the subjects in group 1 and group 2 are given in Table 1 . The preoperative median IOP, duration of phacomorphic glaucoma, and VA were similar between the 2 groups. Although the median number of AGMs were similar between the 2 groups, the number of eyes with Z3 medications were significantly more in group 2 compared with group 1. In group 1, 30 eyes required r2 medications and 33 eyes required 3 medications. In group 2, 19 eyes required r2 medications, 43 eyes required 3 medications, and 1 eye required 4 medications. Of the 126 eyes, 111 (88%) eyes presented with VA of light perception and 31 (28%) of these eyes had inaccurate projection of rays in one or more quadrants. An ultrasound B-scan was performed to evaluate the posterior segment in eyes with inaccurate projection of rays; none had any gross retinal or choroidal pathology in both the groups.
AC angle in the affected eye was closed in all 63 (50%) eyes where gonioscopy was possible; gonioscopy was not possible due to corneal edema in the remaining 50% of the eyes. The contralateral (fellow) eye clinical details at presentation were assessed and are given in Table 2 . Among 125 fellow eyes (1 eye of 1 subject was phthisical) gonioscopy data were available in 67 eyes. Occludable angle was present in 27% (9/33) and 61% (21/34) eyes in group 1 and group 2, respectively. Significantly more fellow eyes were cataractous (P < 0.001) in group 2, 92% (58/63) compared with 63% (39/62) eyes in group 1. There were more pseudophakic eyes in group 1, 37% (23/62) compared with 8% (5/63) in group 2; this could probably explain significantly more occludable angles in the fellow eyes in group 2 compared with group 1 (P < 0.005). Figure 1 shows number of eyes presented week wise from 1 to 4 weeks. Close to 75% presented within 3 weeks of attack in both the groups. Early surgery was performed in all subjects with the median time to surgery (from presentation to the institute) of 1 day (1 to 2) in group 1 and 2 days (1 to 2) in group 2 (P = 0.4). The median time to surgery from the attack was similar in both the groups; it was 9 days (IQR: 4 to 13) in group 1 and was 10 (5 to 16) in group 2 (P = 0.20). The type of cataract surgery performed was ECCE with PCIOL in 40 eyes (64%), manual SICS with PCIOL in 19 eyes (30%), and phacoemulsification with PCIOL in 3 eyes (5%) in group 1. One eye (1.6%) which was scheduled for SICS with PCIOL had capsular bag prolapse during surgery and hence was left aphakic in group 1. In group 2, 62 (98%) eyes underwent ECCE with PCIOL and trabeculectomy and 1 (2%) eye underwent SICS with PCIOL and trabeculectomy.
Duration of follow-up was similar in both the groups (P = 0.89) with subjects in group 1 having a median followup of 23 months (8 to 73 mo) and group 2 of 30 months (8 to 50 mo). IOP measurements for the 2 groups at various postoperative follow-up intervals are presented in Table 3 . The median postoperative IOP was 12 mm Hg in both the groups at 3 months (P = 0.32) and 6 months (P = 0.09) after surgery. Figure 2 shows a scatter plot comparing the presenting IOP and IOP at 6 months in groups 1 and 2.
Median postoperative Log MAR VA in the 2 groups improved significantly as shown in Figure 3 . Median postoperative Log MAR VA was significantly better in group 1 (P < 0.001) compared with group 2 at 3 months (group 1: 0.2, group 2: 0.4) and 6 months (group 1: 0.2, group 2: 0.3). Percentage of eyes which achieved VA better than 20/40 was significantly better (Pr0.001) in group 1 at all timepoints as shown in Table 4 . At 6 months, 75% eyes in group 1 had VA better than 20/40 compared with 38% eyes in group 2. Median cup-disc ratio at 6 months postoperative period was 0.3 (0.3 to 0.3) in group 1 and was 0.5 (0.3 to 0.8) in group 2.
None of the eyes in either group had any sight threatening intraoperative or postoperative complication. Postoperative minor complications were seen in 5 (8%) eyes in group 1 and 11 (18%) eyes in group 2 which was not significantly different (P = 0.1); all of them were managed conservatively. Increased AC reaction was seen in 5 eyes of group 1 and 6 eyes of group 2; all responded well to high dose of topical corticosteroids. In group 1, 1 eye with high IOP from first postoperative day required 2 AGM for IOP control which were stopped at 4 weeks. In group 2, 2 eyes with transient high IOP after surgery required 1 AGM for 2 weeks. Three eyes of 3 patients with increased inflammation and hypotony in group 2 were treated with systemic corticosteroids for 2 to 3 weeks; vision improved better than 20/ 40 in all the 3 eyes by 3 months. Cystoid macular edema was noted in 1 eye in group 2, which resolved with conservative treatment. Two eyes in group 1 developed high IOP after 6 months and 9 years, respectively; however, the IOP in both these eyes was controlled to <21 mm Hg till the last follow-up with 1 topical AGM each.
DISCUSSION
Phacomorphic glaucoma is a major problem in developing countries with a prevalence of 3.9% of all cataract surgeries. 3, 6, 7, 11 Because of increase in aging population and associated medical comorbidities taking medical priorities, lens-induced glaucomas are emerging as a problem in developed countries also. 10 In the current study, we have compared the outcomes of cataract surgery versus combined trabeculectomy and cataract surgery in the management of phacomorphic glaucoma presenting within 4 weeks of onset. We found that the mean IOP control was similar (12 mm Hg) following both types of surgical procedures at the end of 3 months (P = 0.32) and 6 months (P = 0.09). In our study, at the end of 6 months, 100% of the eyes in combined surgery group and 97% of the eyes in cataract surgery group had IOP < 21 mm Hg without AGMs. Similar to our study, Ramakrishna et al 9 (100%) and Prajna et al 8 (95%) reported good IOP control following only cataract surgery. Pradhan et al 11 also have reported good IOP control in 81% of the eyes at 4 to 12 weeks following cataract surgery in phacomorphic glaucoma.
Contrary to our study, Angra et al 6 reported that cataract surgery alone was inadequate to control the IOP in eyes with longer duration of attack beyond 7 days, and hence recommended the need for combined surgery in these eyes. The technique of cataract surgery in Angra and colleague's study was ICCE and combined surgery was ICCE with trabeculectomy, hence it would not be appropriate to compare our study results directly.
In Lee and colleague's study, 2 years after cataract extraction in phacomorphic glaucoma, 20% of the eyes required additional AGMs and 4% eyes required surgical intervention for IOP control. Hence, they recommended long-term follow-up to detect glaucoma progression following cataract surgery in phacomorphic glaucoma. In our study, 3% eyes with IOP > 21 mm Hg required 1 AGM each following cataract surgery at the end of 6 months and none required any surgical intervention. However, they need to be followed up to look at long-term IOP control.
In our study, females were more commonly affected compared with male subjects, similar to reports from other studies. 6, [9] [10] [11] The possible reasons could be, delay in seeking medical help by the elderly either due to lack of family or financial support and possible low priority of medical care for women in most rural areas.
We observed that median Log MAR VA at 6 months after surgery was better (P < 0.001) in group 1 (0.2, 20/30) compared with group 2 (0.3, 20/40) and 75% of the eyes achieved VA better than 20/40 in group 1 compared with 38% eyes in group 2. Also, the VA recovery was faster in group 1. This could possibly be due to prolonged and difficult postoperative course following combined surgery compared with cataract surgery leading to delayed visual recovery in group 2. However, this cannot explain the lesser percentage of eyes with VA better than 20/40 in group 2 at 6 months. It is possible that the differences in the severity of phacomorphic glaucoma at presentation (more number of AGMs in group 2) and a bias in physicians choosing combined surgery in more severe cases could have contributed to this difference.
Mean duration of presentation ranged from 0 to 45 days in various studies and longer duration of presentation was associated with poor outcome. 6, 8 In the series by Jain et al, 7 VA improved to 6/12 or better in 54% of eyes when the duration of attack was <2 days and in only 32% eyes when duration was >3 to 5 days. Prajna et al 8 reported poorer outcomes in eyes with duration of >5 days. Jain et al 7 reported that eyes presenting beyond 21 days had significant disc pallor and cupping and none recovered vision better than hand motions or perception of light. In our series, the postoperative visual recovery was not shown to be related to the duration of presentation or with the height of IOP at presentation in both the groups. Postoperatively, 3 eyes in combined surgery group had total glaucomatous optic atrophy, and vision remained at light perception. These 3 subjects (3/63, 4.7%) presented at 15 days, 12 days, and 10 days after the duration of phacomorphic attack with a presenting IOP of 46, 28, and 56 mm Hg, respectively. Two of these 3 subjects, had delayed surgery (15 and 8 days, respectively, after presenting to us) because of associated chronic dacryocystitis, needing a dacryocystectomy in one subject and the other had uncontrolled systemic hypertension. This indirectly proves that delayed surgery resulted in poorer outcome in these eyes.
Postoperatively, glaucomatus optic atrophy was noted in 10% to 34% of the eyes that were operated for phacomorphic glaucoma. 6, 8, 10, 11 This highlights the importance of early IOP control and surgical intervention in eyes with phacomorphic glaucoma to prevent permanent ischemic optic nerve damage.
In our study, preoperatively, 31 (28%) eyes had VA of inaccurate projection of rays. Postoperatively, all 31 eyes gained good VA (median 0.2, IQR: 0.1, 0.5) with accurate projection of rays in all quadrants. The reason for inaccurate projection of rays may be explained by dense media opacity in the form of severe corneal edema, total cataract, and sudden rise in IOP leading to ischemia of the optic nerve with possible defective conduction. 6 Angra et al 6 reported that among the eyes that presented with inaccurate projection of rays, only 43% of the eyes recovered vision postoperatively. This could be due to delayed presentation in their series. It is important to note that the cataract surgery should not be denied based on inaccurate projection of rays in these eyes. We recommend that the judgment be made by the additional information from history, anterior segment appearance, and ultrasound B-scan findings.
Another interesting observation in our study was the presence of occludable angles on gonioscopy in 30 contralateral (fellow) eyes (45% of the eyes with gonioscopy, 51% of the phakic fellow eyes) at the time of presentation. All the fellow eyes with occludable angles underwent laser peripheral iridotomy at the earliest. It is possible that eyes with shallow AC and occludable angles are more likely to develop lensinduced angle-closure and secondary glaucoma. Prajna et al 8 reported that 60% of the fellow phakic eyes had shallow AC. Lee et al 10 summarized that the eyes with axial length of r23.7 mm was a risk factor for developing phacomorphic glaucoma, although in their study they excluded patients with occludable angles in the fellow eye. This emphasizes the importance of performing gonioscopy in the fellow eyes of patients with lens-induced glaucoma. In our series, all the fellow eyes with occludable angles had healthy optic discs. We found no significant correlation between disc damage of the operated eye and occludable angles in the fellow eye.
One of the confounder in our results is the different technique of cataract surgery in the 2 groups. There were more number of eyes that underwent SICS in group 1 and more number of eyes underwent ECCE in group 2. We evaluated the visual outcomes of eyes that underwent ECCE in group 1 (40 eyes) and group 2 (62 eyes). The median Log MAR best-corrected distance VA was significantly better in eyes which underwent ECCE in group 1 compared with those that underwent ECCE TRAB in group 2 at 1 month (0.3 vs. 0.5; P < 0.001), 3 months (0.2 vs. 0.4; P < 0.001), and 6 months (0.1 vs. 0.3; P < 0.001). The median Log MAR best-corrected distance VA of eyes that underwent ECCE versus SICS in group 1 was also comparable at all timepoints.
Our study is limited by its retrospective nature. One of the important limitations could be significant bias in terms of patient selection for the different surgical procedures. It is possible that the severity of clinical presentation could have influenced the choice of surgery. Apart from the height of IOP at presentation and the duration of attack which were similar between the 2 groups, other clinical features like corneal edema, ciliary congestion, and anterior segment appearance and inflammation could have possibly biased the physicians to choose a combined surgery. Although the median number of preoperative medications in the 2 groups was similar, there were more number of eyes requiring Z3 medications in group 2 suggesting higher pretreatment IOP in these eyes and may be a more severe disease. Also, recall bias could not be ruled out as the duration of the attack is based just on the history. Second is, significant number of patients lost to follow-up as several patients with poorer prognosis in either of the groups could have been lost to follow-up after surgery. Also, it would have been better to have a quantitative assessment of optic nerve status along with visual fields after surgery, which was not done in most of our patients. Another limitation of our study is that the details of bleb morphology in eyes that underwent combined surgery were not available. This information would have helped us to understand the contribution of the filtering surgery in long-term IOP control.
Phacomorphic glaucoma is a major problem with a prevalence close to 4% in developing countries. It is often a challenge to choose an appropriate and safe surgical procedure in these eyes, and controversy exists about choosing cataract surgery versus combined surgery. In our cohort, at the end of 6 months 97% of the eyes following cataract surgery and 100% eyes following combined surgery achieved IOP < 21 mm Hg without AGMs. The VA improvement better than 20/40 was noted in 75% of the eyes following only cataract surgery compared with 38% following combined surgery. Hence, based on our results, cataract surgery alone may be helpful for both IOP control and faster visual recovery in eyes with phacomorphic glaucoma presenting within 4 weeks of onset. Close to 30% of the eyes presented with inaccurate projection of rays and all have good visual recovery after surgery, hence we recommend that surgery should not be denied based on inaccurate projection of rays in these eyes. We recommend gonioscopy of the fellow eyes especially in phakic eyes to rule out occludable angles. A prospective randomized study comparing the 2 modalities of treatment in phacomorphic glaucoma would give us better information and would help overcome the selection bias. However, the duration of the attack based on history with recall bias would still be a challenge even in a prospective randomized study.
